I. Introduction
Some metal ligand complexes are found to catalyze reactions such as oxidation, oxidative cleavage, hydroformylation, etc. and have shown catalyse like activity in decomposition of hydrogen peroxide [1] . It is well established that ternary complexes play a decisive role in the activation of enzymes and also in the storage and transport of active substances [2] . The binary and ternary transition metal complexes have shown biological activity [3] . Mixed ligand complexes of transition metals are commonly found in biological systems. During recent years metal complexes of some N-/O-donor ligands have attracted considerable attention because of their greater antifungal and antibacterial activities than those of the parent ligands [4, 5] . Ternary complexes containing an amino acid as a secondary ligand are of significance as they are potential models for enzymemetal ion substrate complexes [6] . It has been found that a majority of the metal complexes with 8-hydroxyquinoline possessing biological activities [7] .
The present paper reports the synthesis and characterization of mixed ligand Co(II)/Ni(II) complexes prepared by using 8-hydroxyquinoline as primary ligand and some amino acids as secondary ligands. Hydrolysis of methyl acetate and ethyl acetate was studied by using the complexes as homogeneous catalysts. A probable reaction mechanism has also been suggested.
II. Experimental Materials
Most of the chemicals used were of AR grade. Laboratory grade chemicals, whenever used, were purified by standard methods. Solvents ethanol, methanol and chloroform were purified and dried according to standard procedures.
Preparation of mixed ligand complexes[5]
The metal complexes were prepared from Co(II)/Ni(II) chloride hexahydrate, 8-hydroxyquinoline (HQ) and various amino acids such as
To a blue-colored ethanol (10 cm 3 ) solution of metal(II) chloride hexahydrate (1 mmol), was added an ethanol (10 cm 3 ) solution of 8-hydroxyquinoline (1 mmol). The mixture was stirred and kept in a boiling water bath for 10 minutes, during which time it turned green. To this was added an aqueous (10 cm 3 ) solution of the amino acid (1 mmol). This mixture (1:1:1 molar proportion) was heated in a hot water bath till the temperature reached 50 o C. The complexes precipitated immediately except those with alanine and cysteine, which were obtained by raising the pH of the reaction mixture from 2.9 to 6 by addition of 0.01 M NaOH solution. The mixture was cooled and the solid was filtered, washed with ice-cold water followed by 1:1 ethanol:water. The complexes thus prepared were dried under vacuum.
Instrumentation
The complexes were analysed for the metal contents, C, H and N using standard procedures. The molar conductance values were measured in methanol (10 -3 Reflectance spectra of the solid complexes in the visible region were recorded against BaSO 4 on a Shimadzu UV-2100 spectrophotometer. FT-IR spectra were recorded in KBr discs on a Perkin-Elmer FT-IR spectrophotometer model 160. Thermal studies of the complexes were made on a Mettler TC 10A TA processor by recording the change in weight of the complexes on increasing the temperature upto 700 0 C at a heating rate of 10 0 C/min.
Hydrolysis of esters
To a solution of Co(II)/Ni(II) complex, prepared by dissolving known amount of it in a solvent mixture of 20 cm 3 DMF and 20 cm 3 distilled water, whose pH was adjusted to 2.5, 5 cm 3 of ester was added and the content stirred uniformly. The extent of the reaction was estimated by withdrawing 5 cm 3 of reaction mixture at regular intervals of time and titrating it against standard NaOH solution using phenolphthalein as an indicator. Reaction was carried out at 30, 40 and 50 0 C in a thermostat with an accuracy of ± 0.01 0 C. The quantity of catalysts used was in the range 0.01-0.04 g.
The reaction rates were compared with the rates obtained by using HCl as conventional catalyst. 40 cm 3 of HCl of known strength was taken in a stoppered bottle and 5 cm 3 of ester was added to it. The extent of reaction taking place was obtained as mentioned above. Reaction was carried out at 30, 40 and 50 0 C using 0.002, 0.01 and 0.05 M HCl.
The activation energy (E) was calculated from the Arrhenius plots. The changes in the enthalpy of activation (∆H ≠ ), entropy of activation (∆S ≠ ) and free energy of activation (∆G ≠ ) were also calculated. All of the complexes are non-hygroscopic stable solids. They are coloured and thermally stable (Table  1) , indicating a strong metal-ligand bond. The elemental analysis data (Table 1) 
III. Results And Discussion

Characterization of metal complexes
Magnetic studies
The observed  eff values ( Table 1) are suggestive of the tetrahedral geometry for the Co(II) complexes and an octahedral geometry for the Ni(II) complex. The magnetic moments of the compounds investigated are in agreement with the conclusions based on spectral findings.
Infra-red spectra
The FT-IR spectra of the metal complexes were recorded as KBr discs over the range 4000-400 cm -1 . On the basis of reported infra-red spectra of ligands and their metal complexes some of the important bands have been assigned [6, [9] [10] .
A broad band observed in the region between 3362-3315 cm -1 due to asymmetric (asym) and symmetric (sym) O-H stretching modes and a strong band around 1575-1573 cm -1 due to H-O-H bending vibrations are indicative of the presence of lattice water [11] . The N-H asym and N-H sym vibrations observed at ~3040 and ~2960 cm -1 , respectively, in the free amino acids are shifted to higher wave numbers i.e. in the range 3220-3174 cm -1 and 3080-3050 cm -1 respectively, in the spectra of the complexes, suggesting coordination of the amino group through nitrogen with the metal ion. The  asym (COO -) band of the free amino acids i.e~1590 cm -1 is shifted to higher wave number, i.e. in the range 1640-1630 cm -1 and the  sym (COO -) mode observed at ~1400 cm -1 in the spectra of free amino acids is found to be shifted to lower wave number i.e. 1380-1377 cm -1 , in the spectra of the CML complexes indicating the coordination of the carboxylic acid group via oxygen with the metal ion. Nakamoto, Morimoto, and Martell showed that for a given ligand, the difference ( asym - sym ) would increase as the M-O bond becomes more covalent, since the caboxylate stretching becomes correspondingly more asymmetrical. In the present investigation, this difference being in the range 252-267 cm -1 indicates that the M-O bond is purely covalent. The C-N sym stretching frequency observed at ~950 cm -1 in the spectra of amino acids is found to be shifted to lower wave number i.e. ~908 cm -1 in the spectra of the complexes, confirming coordination through the amino group of the amino acids. . It is reported that for the mixed ligand complexes of Co(II), Mn(II), Cu(II), Ni(II) and Vo(II) with HQ, this band is observed at ~1125 cm -1 . The position of this band undergoes variation depending on the metal complex under study. In the present investigation, a strong (C-O) band is observed in the range 1107-1103 cm -1 in the spectra of the complexes, indicating the presence of 8-hydroxyquinolate group in the complexes coordinating through its nitrogen and oxygen atoms as uninegative bidentate ligand. The (C=N) mode observed at 1580 cm -1 in the spectrum of free HQ ligand is found to be shifted to lower wave number i.e. 1500-1499 cm -1 in the spectra of the CML complexes, suggesting coordination through the tertiary nitrogen donor of HQ. The in-plane and out-of-plane ring deformation modes observed at ~500 and ~780 cm -1 , respectively, in the spectrum of HQ are shifted to higher wave numbers i.e. ~505 and ~787 cm -1 , respectively, confirming coordination through the nitrogen atom of HQ with the metal ion. Some new bands of weak intensity observed in the regions around 657-595 and 466-415 cm -1 may be ascribed to the M-O and M-N vibrations, respectively [12] . It may be noted that these vibrational bands are absent in the infrared spectra of HQ as well as the amino acids. Some of the important IR bands and their tentative assignments are shown in Table 2 .
Mixed Ligand Co (II) Complexes: Use As Catalysts In The Hydrolysis Of Esters
Electronic absorption spectra
The electronic spectra of the metal complexes in methanol solution, recorded in the ultraviolet region, exhibit intra-ligand and charge transfer transitions in the range around 25,940-48,192 cm -1 and near 26,000 cm -1 , respectively. The electronic absorption spectra of Co(II) complexes in chloroform solution in the visible and near infrared region shows three transition bands in the region around 25,000 cm T 1g (F) ( 2 ) and 3 A 2g (F)  3 T 1g (P) ( 3 ), respectively. As the  1 band occurs at low energy, it is not observed in all the cases. Various spectral parameters like Dq, B' and  have been calculated by using the values of  2 and  3 transitions, according to the equations of König [13] . From the values of Dq and B', the energy of transition  1 has been calculated ( Table 3) .
The observed electronic transitional energies are suggestive of tetrahedral geometry for Co(II) complexes and an octahedral geometry for Ni(II) complex. The present  values are less than unity, suggesting an appreciable covalent character of the M-L bonds [14] .
Thermal Studies
The thermograms (TG) of the complexes have been recorded in flowing nitrogen atmosphere at the heating rate of 10 o C/min on approximately 10 mg samples. All the complexes investigated show similar behavior in their TG and Differential Thermal Analysis (DTA) studies.
The complexes, in general, show the first mass loss attributed to dehydration, in the temperature range 109 to 129 o C (Table 4 ). The completion of the reaction was found to be around 555 o C. On the basis of the results of the physico-chemical studies, the bonding and structure in the metal complexes can be represented as shown in Figure 1 . 
Hydrolysis of esters
Hydrolysis of methyl acetate and ethyl acetate was studied by using complexes as homogeneous catalysts.
Keeping the quantity of ester and the temperature constant, when the quantity of catalyst was varied in the range 0.01-0.04 g, the value of k increased with increase in the quantity of the catalyst (Table 5) . The plot of rate constant versus the amount of catalyst (Fig. 2) is linear showing that the rate constant is directly proportional to the amount of catalyst used in the reaction. A similar correlation has been established in the case of aliphatic esters by Walvekar et a [15] .
Hammet et al [16] have shown that the hydrolysis of ethyl acetate in presence of HCl is first order in [ester] . In the present study, it is found that with the present Co(II) complexes also the hydrolysis is first order in [ester] as shown by the linear plot of log (a-x) against t. The rate constants for the hydrolysis of methyl acetate and ethyl acetate obtained by using different catalysts at various temperatures are given in Table 6 and 7 respectively. Keeping the quantity of the catalyst and ester constant, when the temperature was varied in the range 30-50 0 C, the value of k increased with increase in temperature. As a catalyst, however, HCl is more efficient as compared to the mixed ligand complexes. It has been found that the rate of hydrolysis of methyl acetate is higher than that of ethyl acetate for all the catalysts, indicating that steric hindrance affects the rate of the reaction. The rate is reduced by the bulkier ethyl group near the reaction site [17] , in addition to which there would be contribution due to normal inductive and resonance effects of the substituent.
The influence of the amino acid side chain of the mixed ligand Co(II) complex in the hydrolysis of the ester is of interest because the information so obtained can contribute to an understanding of the chemical function of these groups in more complicated systems especially the biological ones. Any substituent on the -carbon of the amino acid, which repels the electrons, is found to decrease the general acid properties of the complex. The side chains of L-alanine, L-leucine and L-valine are electron repelling; the corresponding complexes catalyze the reactions with slower rates. The effect of steric hindrance due to amino acid side chain in the complexes on the ester hydrolysis reaction is visible when the side chain of the amino acid is varied from the least hindered alanine to the most hindered valine. The steric hindrance thus enhances the rate of the reaction. Another reason may be that the electron repelling methyl group is closer to the coordinated Co(II) ion (inductive effect) in alanine as compared to that in leucine and valine. Activation energy values are found to decrease as amino acid moiety varies from alanine to valine in the mixed ligand complexes, further indicating comparatively higher reaction rate with valine complex.
It is observed that H  values are closer to E values in accordance with absolute reaction rate theory for solution. The value of G  has been found to be higher in all the cases and not much difference has been found in two systems. The values of S  were found to be negative in all the cases indicating that molecules in transition state are more ordered than the reactants in ground state.
In the hydrolysis of esters, the activated complexes are probably quite polar, owing to the ionization of the carbonyl group. Owing to the electrostriction of the solvent by the activated complexes in such reactions, the entropies of activation are low. Such reactions are accelerated by an increase in the dielectric constant of the solvent. Another reason for strongly negative values may be the partial immobilization of water molecules in the activated state, brought about as a result of the distribution of charges on activated complex.
Following mechanism may be suggested for the complex catalyzed hydrolysis of esters.
On the basis of steady state approximation,
The rate of the reaction is given as 
The hydrolysis of ester seems to be bimolecular as ester and catalyst are involved in the reaction kinetics. The above mechanism predicts a first order dependence on [M LL'] should be linear. This is found to be so, as seen from the plot in Figure 2 , indicating the validity of the rate law (6) and hence of the proposed mechanism. 
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